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FOREWORD

The Environmental Research Laboratory-Duluth is concerned with“effhctsfaf
_chemical pollutants upon aquatib 1ife. Many chemicals arg_prEsedt1y<in use
without adequate knowledge of theik effects on aquatic life, and new chemica1§ ‘
are continuously béing,dEvg]uped and marketed. |

This report contains information on thirty-two chemicals and their effects
on freshwater life. .Included are values for acute ggxicity, chroni; toxicity,
and metabolism of these chemicals with various species of organisms. These

values can be used to provide guidance for the protection of aquatic life.

Norbert Jaworski, Ph. D.

Director A
Environmental Research Laboratory
Duluth, MN :
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 ABSTRACT
Twenty-two chemicals from the EPA priority pollutant list were studied for
‘their acute and/or chronic toxicity to selected freshwater organisms. These
included 1.,2-dichloroethane, 1,1,2-trichloroethane, 1,1,2,2-tetrachloroethane, _
tetrachloroethylene, 1,2-dichiorobenzene, 1,3-dichlorobenzéne, 1,4-dichloro-

chlorophenol, heptachlor, chlordane, toxaphene, arseni§+3, chromium+6, }ead+2,

2 1 4

- +2 . + PR . * s g ; <
mercury ~, aickel 2, silver °, selenium °, and cyanide. Freshwater species

tested included the fathead minnow {Pimephales promelas), rainbow trout (Salmo

gairdnggii,'bIUegill sunfish (Lepomis macrochirus), flagfish (Jordanella

floridae), water flea (Daphnia magna), scud (Gammarus Q;g@dqlimnaeus), midge

- (Tanytarsus dissimilis), and green alga (Selenastrum capricornutum).

Taxicity tests were also conducted with pentachloroethane, hexachloroethane,
1,2,4-trichlorobenzene, pentachlorobenzene, dimethylformamide and methanol.
Di-n-butylphthalate uptake from water, elimination and metabolism by fish was
studied. A comparison was made of the metabolism and binding of carbon tetra-
chloride, chloroform, 1,1,2-trichloroethane, 1,1,2-trichioroethylene and
monochlorobenzene by microsomal fractions of rainbow trout livers and of daphnid

whole bodies.

v
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SECTION I
INTRODUCTION-

,‘/'

A 1978 court settlement referred to as the “EPA Consent Decree" between EPA
and several environmentally concerned organizations as plaintiffs resulted in
the publication of a Tist of toxic pollutants for which effluent limitations and
‘guidelines were to be developed (Keith and Telliard, 1979). This list of
“priority pollutants" initially consisted of 65 chem1ca]s (or groups of
chemicals), and was later expanded to 129 entries. EPA was charged with the
raesponsibility of determining the hazard potentials of these “pr10r1ty pollu~
tants" to aquatic Tife and human health.

In a formal Cooperative Agreement with EPA, the University of Wisconsin-
Superior contracted to perform toxicity tests with selected “"priority pollutants" = -
utilizing various species of freshwater organisms in an effort to broyide some
of the data necessary for the development of water quality criteria statements
for the protection of freshwater aquatic life. Toxicity tests were also con-
ducted with several haloalkanes and halobenzenes closely related to “"priority
polliutants" and wifh.methéno] and dimethylformamide which are sometimes used as
carrier solvents in toxicity tests.

Studies with mammalian systems have suggested that carbon tetrachloride,
chloreform and other chlorinated alkanes are converted to toxic metabolites
by the microsomal mixed function oxidase system of the liver (Docks and Krishna,

" 19765 Watanabe et al., 1978). However, information is limited concerning the

1
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‘metabolic disposition and protein‘bﬁnding’of:such compounds in fish and aquatic

food chain organisms. Therefore, one aspect of this study was to investigate

the comparative metabolism and protein binding potential of carbon tetrachloride,

VTUITRTEIL LN TN L

chloroform, 1 _,}~:,_'24—‘trfich‘3igméthy] eng, 1,1.2~trichloroethane and mbnnchﬁ?nmbenz&né

by microsomal fractions of rainbow trout (Salmo gairdneri) Tiver and the water

.

flea (Daphnia magna).

:
.E
i
E

k3
3
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SECTION II
CONCLUSIONS

Acute toxicity tests were cenducted w1th fathead minnows (P1me hales

Qro melas), rainbow trout (Salmo g§1rdner1) blueg11] sunfish ( egom1

macrochzrus), f]agflsh (Jordane]]a f]or1dae), water f]eas (Daphnla magna),

scuds (Bammarus gseud011mnaeu_), mxdge larvae (Tanytarsus d1ssxn1]15

h_ Johannsen 1937), and green aigae (Selenastrum caprlcornutum) Fathead m1nnows :

*3 +2

were exposed to arsenlc R mercury , s11ver +1

R dzmethy]formamlde (DMF), and
\ﬁhmethanol wwth resu]ting estamated 96 hr LCSO va]ues of 14.2, 0 150 0.0107,
10,780, and 28 160 mg-L 1, respectively. Rainbow trout were exposed to hexa-
chloroethane, tetrachloroethylene, tetrachloroethylene with DMF as a carrier
so]yent,AUMF, 1,2—dicﬁlorobenzene, 1,4-dichlorobenzene, ]52,4ftrich]0robenzene,
pentachlarobanzene~with OMF, hexadh]ofobenzengrwith OMF, hgxadblorﬁbutadiéne,
and methanol with resultant 96 hr»LCBO ésyimatés of O¢§4, 4,??, $,§4, 10,000,
1.58, 1,12, 1.53, >0.71, >0.0809, 0.320, and 20,000 mg-L™", respectively.

Bluegill sunfish were exbosed to hexach]orobﬁtadienés hexachlarobenﬁene
w1th DMF, DMF, and methano] with resultant 96 hr LCg, estimates of.99324,
>0.0784, 7,100, and 15,500 mg-L -1, respectively. Flagfish'Were7exposed.tg
arsenic +3 and s11ver 1 with resultant 96 hr LCSO estimates’of 14.4 and 0;0092
mg-L’ ], respect1ve]y | B

Water fleas were exposed to hexachlorgethane, pentﬁch!oroethane, 1,1,2,2-
tetraéhloroethane, 1,1,2-trichloroethane, 1,2-dichloroethane, 1,3-dichloro-

3
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gbenzones 1,2 4-tr1ch]orobenzene, tetrach1oroethy1ene, di-n-butyliphthalate,

DMF, chTordane and nickel e with resultant unfed 48 hr LESO estimates of 2.90,
7.32, 62.1, 186, 268, 7;43; 2.09, 18.1, 3.70, 14,530, 0.035, and 0.915 mg-L ]!
_respectively. LCSO estimates were also made for most.of the same compounds in
exposures where the organisms were fed. ECSO estimates were made for fed and

unféd ‘exposures with the chlor1nated conpounds and w1th arsenlc 3 s

3, silver 1, lead 2, and

Scwds were exposed to pentach1oropheno1 arsen1c
chromiun®® with resultant 95 hr L5y estimates of 280, 875, 4.49, 140, 67. 1
and 94;1 ug- "1, reSpéctiver Midge 1arvae were exposed to hexachloroethane,
tetrach]oroethylene, 1,2 dxchlorobenzene 1 4-d1ch]orobenzene, hexach]orobenzene

6 1; se]en1um 4’ and

with DMF, pentach1orophenol DMF, chromxum 1ead 2” silver’
‘cyanfde w1th resultant 48 hr LC50 esttmates of 5.85, 30.8, 12.0, 13 0, >0 0581»
46.9, 36,000, 57.3,. 224, 3. ]7, 42.5, and 2.36 as HCN or 2.49 as CN™ mg- L ]
resp@ct1vely »

© Green a]gae ‘were exposed to toxaphene and heptachlor for 96 hr w1th resul-
© tant- EC50 estmmates (50% reductlon of growth) of 0.38 mg L7 -1 for tnxaphene and
38.1 and 28.2 ug-L™! for two tests with heptachlor.

' Chron1c and subchron1c tox1c1ty tests were conducted using water f1eas,
fathead minnows, and flagfxsh Water fleas were exposed to 1,1,2,2-tetra-
ch]oroethane, 1,1,2~tr1chloroethane, 1,2~ d1ch]oroethane 1, 2 4-trichlorobenzene,
},ﬁ-dichiorobenzene, l,2,4-trich]orobenzene; ],3—dich19robenzene, tetrachloro-
ethylene, and arsenic*® for 28 days with significant (p<0.05 or p<0.01) reduc-
tions in production of young at concentrations at oé above 14.4, 41.8, 20.7,
0.694, 1.45, 1.11, and 1.32 mg. L‘}, respectively. : | i -

"Fathead minnows were exposed to arsenic 3

for 30 days post-fert1lxzat1on
"and:mercury+2 for 35 days post-fertilization. The “no-effect“ concentratmon

4
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ibr arsenig+3-was-betwéén;2,1 and 4.3 mg-L'i‘based upon significant (p<0.01)
redmctions in we;‘weight and body length. . Mé%guny+2 expé#ures résui;ed,fh

’ sigmifigant (pgp,ﬁi) reductions in wet weight and Tengthfét all éprSuﬁé con-
- centrations. A “"ng-effect" concentration for merCugy*Z ‘

exposure concentration of 0.23 ug-L'i. Flagfish were exposed to ;rﬁenicf%’fOr

was' less thanAthe.}owest

30 days post-fertilization with a resultant Pnn-effgctﬁ cpﬁgentratign:betwggn
2,13 and 4.2 mg-L’].baSed upon a reduction in Epdy length. | |

Uptake, elimination, and metabolism of di-n-butylphthalate was. studied with
fathead minnows.:. A steady-state level of }46 equivalents of difgfbu§y1phtha];te
.was.atiained within 4 hr in the whole-body. Biocon;ﬁntrgtiqn fac;p}sfin~14t
gqﬁiva1ents 6f<di»g;bUty1phtha]ate were 2;D68 and 23325 for the two méasyred
exposure concentrations. Estimated bioconcentration factors for parent di-n-
butylphthalate were 570 and 590 for the two tests based upon a mean value of
27.6% unmetabolized compound over an 11 day exposure.

Seven metabolites of di-n-butylphthalate were separated by thin-layer
#hromatography after three days of exposure. The only metabolite identified
was phthalic acid.

‘Binding of di-p~butyliphthalate to prcteins>was studied using rainbow trout
liver microsomes and water flea post-mitochrondrial supernatant (PMS).
‘Irreversible binding to proteins occurred with 9% of the compound bound to the
vrafnbow trout liver microsomes in 2hr and <1% irreversibly bound to water flea
PMS “in 1 hr. |

Microsomal metabolism and Binding of carbon tetrachjaride, chloroform,
chlorobenzene, 1,1,2-trichloroethylene, and 1,1,2-trichloroethane were studied
with rainbow trout liver microsomes and water flea PMS. The compounds were
metabolized by both species with rainbow trout appearing to have a greater

5
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gapahity'for.hétabO}iZing them.. The"comPnubds were mefébo?ized by rainbow trout
in the foTiowihg order: chloroform > 1;1,2-£riChibrgéthane, > 1;3,2~£f%§higro—
ethylene > chlorobenzene > carbon tetrachloride. The campouhdé were metabolized
by water fleas in the following order: chloroform > chip?dbeniené-> 1,];2~tri; '
* chioroethylene > 1,1,2rﬁri£hlbfoefhang<$ carbon tetrachloride.

'ﬂiged function oxidase assays were performed on the microsomal ffﬁbtign,“

from rainbow trout liver and the water flea PMS fraction. Rainbow trout 1iver

Tor éytochrbme P-450 and cytochrome bg»

microsomes had 0.28 and 0.19 nM-mg”
respectively. The level of NADPH cytochrome ¢ redictase activity was 16 m of
cytoethME c reducédmmin’]~mg'] protein, :waték-fleaiPMS:had 42inﬁcof cytochrome
€ reductase activi-ty--m*in"]-mg'1 protein. . ;i '
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SECTION I11
: RE.COMMENDAHQNS

Adequate assessment of a particular chemical*s toxicity would be enhaﬁced
by expos1ng the chemlcal to many species of aquatic organisms representing the

taxa likely to be impacted in the environment. Particular effort should be -

expended with spebieé shown to be-general!y sensitive to the class of compound

of immediate interest. Organisms such as Tanytarsus dissimilis (midge) with

consistently ﬁigh to]eranqeg'to a broad range of chemical classes should receive

minimal effort.
_ Physical properties (i.e. hardness, pH, temperature) of the iabpratoi&
test water need to be carefully monitored, and several waters with different.
natural chemical characteristics used for exposures to aésess the impacts of
these parameters. The effects that water hardness and organic ligands have
upon toxicity of some métals are known but not completely understood. Studies
should be conducted to elucidate the relationships between chemical characteris-
tics of natural waters and poTlutant toxicity.

A better understanding is needed of campouﬁd metabolism and enzyme induc-
tion in aquatic organisms. Additional research on the capabilities of animals-

from various taxonomic groups to metabolize foreign chemicals would be valuable.
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SECTION 1V
© HETHODS

Water for the toxicity tests was either directly from Lake Superior or was
dechlorinated city water from Superior, WI. (Superior, WI derives its water
from shallow wells heneath Lake Superior.) Several chemical parameters (dis-
solved oxygen, pH, hardness, acidity, and alkalinity) were monitored during the
fish and scud toxicity tests by standard anélytical meihods (AmericAn Public
Health Association, 1975). A portion of the water was heated befOre being
distributed to the test systems. Lighting for the toxicity tests was artfficiai,

supplied by fluorescent'bulbs centered above the exposure chambers.

Test Organisms

Fathead minnow (Pimephales promelas) brood fish were received from stock

maintained by the Environmental Research Laboratory-Duluth, MN, U.S. EPA. Brood
fish were maintained at 25 C, and were fed twice daily a diet of frozen adult
brine shrimp.

Asbestos pipe (12.5 em 0.D.) cut in half, longitudinally, was used as the
spawning substrate. The spawning sdbstrateslitiles) were checked daily for egg
deposition. Eggs were removed from the tiles the same day (< 24 hr) that
spawning occurved when used fn early life-stage tests. Eggs were allowed to
remain on the tiles and were cared for by brood stock males until 50% or more

‘were "ayed up* for later use in acute toxicity tests. Tiles with “eyed up”
8
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in Douglas County, WI. They were acclimated and reared in 56 L glass chambers

with contﬁnuousiy flowing Lake Superior water at 20 C. The organisms wEré;fed

" leaves of various deciduous species 6f trees native to St. Louis County; MN,
that had be.én soaked in Take water for at least one month. Reproduction of the.

scuds occurred in the rearing chambers. At the start of a toxicity test

organisms were seieéted based upon size uniformity with no attempt to determine

age. '
A midge (Tanytarsus dissimilis Johannson 1937) culture was maintained from

stock organisms received from the Environmental Research Laboratory-Duluth, MN,

Uy.S. -EPA. The colony gas-maintained‘at a water temperature of approximately

20 € on.a diet of Cerpphy1£E)and trout pellets as descyibed by Anderson et al.

y h
’4 £ -

= tedam, 5.86 £ 2.4 =10}, , :
1.24 g (n=10; }‘45 9 (n=19); 1,2-dichlorobenzene - 5.6 £ 0.8 ¢
- n=10); 1,4-d1chlarobenzene ~5.3¢+0 ﬁ'cm 2.1 £ 1 AR
chlorobutadiene - 5.6 + . T T T e 2 1.0 9 (n=20) ; hexa-
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from 6.8 to 10.6 volume additions per day. Water temperature was maintained at
approximately 12 C. Ten fish were tested per chamber. Fish were of the follow-
ing sizes for the individual tests: tetrachloroethylere - 6.1 £ 1.0 cm, 3.2 &

1.5 g (n=19); tetrachloroethylene with dimethylformamide (DMF) carrier-solvent

7.3 ﬁ‘T.O cm, 5.86 + 2.45 g (n=19}; 1,2-dichlorobenzene = 5.6 * 0.8 cm, 2.69 &

1.24 g {n=10); 1,4~dicklorobenzene -~ 5.3 £ 0.6 cm, 2.1 t 1.0 g (n=20); hexa~
chlorobutadiene - 5.6 £ 0.6 ¢m, 2.6 £ 0.9 g (n=19); hexachloroethane - 6.6 + 1.0

cm». 4.3+ 1.8¢ (_n?ZU); 1,2,4~trichlorobenzene - 4.7 £ 0.4 cm, 1.6 + 0.4 ¢ -

(n=20}.
Water quality parameters were routinely measured (Appendix A, Table A-1).

Toxicant concentrations were measured daily as described with fathead minnows

. {Appendix B, Table B-1).

Penta~ and hexachlorobenzene acute tests were conducted in a different type
of flow-through system due to their limited water solubilities. Pentachloro-
benzerie was .tested with dihéthyiformamide (DMF)} as-a carrier solvent. Penta-

chlorobenzene/DMF stock stolutions of known concentrations were pumped into 5

- test chambers with fluid metering pumps. The control chambers received DMF onIy;

f 1

DMF cancentrations wekéﬁhominatly equal and averaged 395 mg-L™' between éxposure

chambers. Test chambers were 30 x 60 x 30 cm, and contained 27 L of water (depth

_of 15 cm). Pumps were set to deliver every time the system cycled and delivered -
" T Lof Lake Superior water to each chamber. The cycle time of the system
_averaged 16.5 min, providing 3.2 volume additions of water per day. The mean

water temperature was 12.7 C.

The test was run with 10 fish [mean standard Tength, 6.9 + 1.2 cm; mean
weight, 5.2 ¢ 2]5'9'(n=2911per'chamber. Replicates were separated in time by
11 days. Since there were insufficient deaths at 96 hr to calculate an L650=.

12
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co%c&ntratinn, the exposures were continued through 144 hr.

Hexachlorobenzene was tested in the systen as described for pentachloro-
 benzene, also with DMF as a carrier-solvent. Two toxicant ‘concentrations plus
a control iﬁ duplicate were used. The 1bwe? concentration was at,gf’qear the-
: sbiubility Timit and the higher concentratidn exceeded water solubility.: DMF
concentrations were nnmfnal1y equal in‘all chambers, and averaged 932 ﬁg-L”zi*_
Test duration was 96 hr at a mean water temperature of 11.2 C. The gycle.timé‘
-of the system ayeraged,a,zs.min, providing 6.5 volume additions of water per day.
Ten fish per tank were tested. Mean fish length and weight values were 3.3 t 0.3
cm and 0.5 + 0.1 g (n=20), respectively. -

Toxicant concentrations were measured daily (Appendix B, Table B-1). Water
quality parameters for'penta— and hexachlorobenzene tebts are presented in

Appendix A, Table A-1.

Bluegill Sunfish - Bluegill sunfish were used as test organisms in acute
tests with hexachlorobutadiene and hexachlorobenzene. In the test with hexa-
chlorobutadiene, a proportional diluter system was used. Chamber dimensions
were 51 x 15 x 15.5 cm,-ﬁith a 10 cm water depth for a volume of 7.7 L. The
diluter cycle time was 9.1 min, providing 10.3 volume additions per day. Ten
fish were exposed per chamber. -Mean standard length of the‘fishbwas 3.9 £ 0.5
cm, and mean weight was 1.5 % 0.6 g (n=20). Water temperature was maintained
at 25.2 C.

Hexachlorobenzene was tested with bluegill sunfish in the system as
described for hexachlorobenzene and rainbow trout, with two toxicant concen-
trations and a control in duplicate. DMF was used as a carrier-solvent, and
averaged 884 mg»L'] in all chambers. The delivery system cycIed-every 9.7 min,
;providing 5.5 volume additions of water daily. The test was conducted at a

13
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mean water temperature of 23.3 €.  Ten fish were tested per chamber at a mean
~ standard length of 2.9 £ 0.4 cm and a mean weight of 0.4 # 0.1 g.(nsjﬂ);_ Water
‘quality pbraﬁeters and toxicant cgngéntratiOns are presented in Appendices A
an@‘ﬂ; Tables A-1 and B-1, respectively.
- Fiagfish. Flagfish were used 4h acute tests with arsen1c+3 and si1ver+1.
Flagfish 34 days of age (standard length, 13 + 2.0 mm; welght 0.058 + 0.027 g,
n=20) were exposed to arsen1c+3 in a‘propprtxonalgdlluter system us1ng»dech1;r1—
nated city water. The&-were tested simultaneou51y with fathead minnows in glass
. exposure chamber§ {20.5 x.3G_X»254cm) divided with screen into two sections.
Flagfish segtiOns'containedvan.averaée of'z;i L of water. Twenty fish per.
" chamber were tested. The diluﬁér ¢ycle time of 19vmin,proﬁided 6.9 volume
additions of water per day. The test was conducted éi a mean water temperature
of 25.8 C. _
Flagfish 30 days of age (standard length, 12.7 + 1.6 mm; weight, 0.044 +

0.021 g; n=30) were exposed to-sﬂver"'1

in a proportional diluter system using
Lake Superior water, They were tested simultanéously with fathead minnows in
glass chambers (15 x 30 x 25.cm) dﬁvided'by screen into two sections. Fifteen
" fish per chamber were tested. The diluter cycle time of 16 min provided‘about
8 volume additions of water per day. Mean test water temperature was 24.7 C
Water quality parameters and toxicant concentratwons vere measured rout1ne1y
throughout the tests (Appendices A and B, Tables A-1 and B-1, respectively).

Daphnia magna - Daphnia magna was used as the test species in static acute

tests conducted with 1,2-dichloroethane, 1,1,2-trichloroethane, 1,1,2,2-tetra-
chlorosthane, pentachloroethane, hexachloroethane, tetrachlorcethylene, 1,3- |
dichlorobenzene, 1,2,4-trichlorobenzene, di-g:butylphthaiate, chlordane, .

*3. pcute tests with chlorinated ethanes, ethylene, and

14
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_ behzene were conducted using first instar (< 24 hr 0ld) daphnids. Adult daphnids
~were originally obtained from the‘?abbratbny stock reared at~the'£nvironmgnta]
Rgseérch thnratory-ﬂu?uths MN. Both stock and test animafs were maintained in
| a constant temperature water bath (20+1¢C)... _ | '

A combination of Gro-Lux and Duro-Test (Optima F5) fluorescent bulbs pro-
vided 32 ft-candles of light at the air-water interface, and were set. for a- -
16L:8D photoperiod coupled with a 15 min transition period between Yight and dark
phases. A]l.cu1turing and tgsting‘wag done with Lake Superior water which was
| filtered (5 um) and aerated. All chemical stncg,solution§'werg pfépargq by
saturating lake water with the tesi chemical on a stirring plate.

Acute tests were cpnducted~according to the “Proposed Standard Practice of
Conducting Basic Acute Tests with Fishes,,Macroinyertégratés, and Amphibians. -
Draft No. 8", Test containerswere 200 ml erlenmeyer flasks filled to 200 or 160
ml for tests in which the daphnids were unfed or fed, respectivelya The flasks
were tightly stoppered with foil wrapped neoprene stoppers. Food concentration
was 20 mg-L°]«Ih@ measu%e of acute toxicity wasthe 48 hr median effective con-
centration (48 hr Ecsg) based upon complete immobilization and the 48 hr median
lethal concentration (48 hr LCSD) based upon death as determined by cessation
of heart beat and gut movement. Both were determined using a 30X dissection
scope.

Toxicant concentrations were measured duriqg.each test (Appendix B,

Table B-1). 'Water quality parameters are presented in Appendix A, Table A-2.

The Daphnia acute test with di-n-butylphthalate was a renewed static
test using Lake Superior water, in which toxicant soﬁutions were renewed daily,
and test organisms were transferred daily by wide-mouthed pipettes into the
‘new solutions. Exposures were conducted in 200 mL efienmeyer-flasks containing

s
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150 nL of solution. Five first instar (<24 hr old) daphnids per duplicate flask
were tested. The test organisms weré‘obtéinéd from the Environﬁentai Research
Laboratory-Duluth, MN (U.S. EPA} stock culture. Culture and téstvorganishs-WEre
‘maintained at 20 * 2 QL A 16L:$D‘phﬁxqperipd.was usaﬂ;with a Tight intensity of
45 fthandJesb‘ Flasks were nbsgrved daily for mortalities. Water quality para-
‘meters and toxicant concentrations are presented ih;Appehdices A and B, Tab1g§s
-A-2 and B-1, respectively. ' '

The Daphnia acute static test with chlordane was conducted with Lake
Supériorvwater~(first instar, <24 hr dld from the Environmental &éseafch«tabora-g
tory-Duluth, MN stock cultures). Ten organisins were pléced into solutions in
200 ml. erlenmeyer flasks. Five concentrations and a!gontro] were tested, in
duplicate. The flasks were kept in a 21 C water bathfland a 16L:8D photoperiod
was used. Flasks were observed dajly for mortalities. Water quality parameters
and toxicant concentrations were measured (Appendices A and B, Tabiés A-2 and
B-1, respectively). ‘

The Daphnia acute test with mickel™? was conducted in Lake Superior water,
using 10 organisms (first instar <24 hr old, from the Environmental Research
iLéboratory-Duluth,‘MN_stock'cu}ture) per_f1§sk. Five concentrations plus a
control in duplicate, were tested in a 20 C water bath. The flasks were 300 mL
- erlenmeyers containing approximately 250 nl of water. A 16L:8D photoperiod was
used, with a Tight intensity of 60-ftACandles_ Water quality pakameters and
“toxicant concentrations are presented in Appendices A and B, Tables A-2 and -
;E~], respectively, Fﬁasks were observed daily for mortalities.

: ,Thexpéghnia acute test with arsenic’™ was conducted in Lake Superior water
using 9-11 organisms (first instar, 24 + 12 hr old, from the Univéfsity of
Wisconsin-Superior, Wl stock culture) per flask. Six concentrations plus a

16
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control in duplicate were tested. The flasks were maintained at a temperature
- of 14.8 £ 0.8 C, with ﬁ‘photgpériod of 16L:8D.. Acute,tests.werg run with
organisms both fed throughout exposure and not fed. Flasks were observed daily
for mortalities. Water quality parameters and toxicant concentrations were .

measured (Appendices A .and B, Tables A-2 and B-1, respectively).

Scuds w‘ﬁammanQS pseudolimnaeus was tested in acute tests conducted with

35 sﬁlver*j, ]ead+2

pentachlorophenol, arsenic’ » and chromium*a. A}] were f]dﬁ;
throuéh tests conducted in proportional diluter systems (Mount and Bfungs,»]9§7)
using Lake Superior water. | ' . l )

In the pentachlorophenol test, 15 organisms (X = 0.050 * 0.016 g) per - -
chamber were tested. Chamber dimensions were 25.5 x 17 x 15 cm, with a water
depth of 9 cm, for a volume of 3.9 L. Tﬁe diluter cycled every 16 min, pro-
viding 11.5 volume additions per day. A 16L:8D photoperiod was used, with a
light intensity of 20-31 ft-candles. The test wéé conducted ét a water tempera-
ture of 17.1 + 0.5 C. Five exposures plus a control, in duplicate, were used.
Organisms were considered dead'when movement ceased and they would not respond
to prodding. MWater quality parameters and toxicant concéentrations were monitored

throughout the test (Appendices A and B, Tables A-1 and B-1, respectively).

In the test with arsenis+3, 10 organisms (0.3 ~ 1.1 cm,_totaT length) per
chamber were tested. Chamber dimensions weré 6.3 x 6.3 x 9,3 cm. These chambers
were p%aéed inside larger g]ass chambers (26 x 17 x 15 cm) containing exposure
water 8 cm deep. The inner chambers were constructed of glass on two sides and
the bottom. Two sides were made of 202 Nitegg)mesh to allow exchange of

- exposure water from the larger chambers. Exposure water passively entered eacbb
chamber containing the test organisms, and toxicant concentrations were identical

- both inside and outside of the inner.chambérs. The diluter cycle time averaged

17
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16 min, providing 12.9 volume aﬁditions per day. The photopééiod and light
intensity wéra the same as above. MWater temperaihre ﬁas ﬁ3,4 + O;B‘c; Five

' éﬁposures, plus a control, in duplicate were tested. Water'quaiity paramétéfs
and toxicant concentrations arg‘pheseﬁted in Appendﬁ;eé A and B, Tables A-1

and B-1, respectively. ,
An acute %gstfwith_sammérus and silver’! was conducted under the same

3

. c ra
test. Ten organisms (0.3 - 1.7 cm,

conditions as described for the arsenic’
total length) per chamber were tested. The diluter cycle time was 15.8 min,
providing 13.1 volume additions of water per day. The'tést’waiéf temperéture
was 19.9 £ 0.5 C. Water quality Eafameters aﬁd toxicant concentrations were
mcnitbred throughout the test (Appendices A and B, Tables A-1 and B-1,
respectively). ‘ * |

An acute test with Gammarus and 1ead*2 was conducted under-identical condi~

3

tions as described for the arsenic+ test. Fifteen organisms {0.053 + 0.021 g)

per chamber were‘tested at a water temperature of 17.6 £ 0.4 C. Water quality
parameters and toxicant concentrations are presented in Appendices A and B,
"Tables A-1 and B~1, respectively. o ‘

Midges - Tanytarsus dissimilis was the test species for acute tests con-

duéted'with tetraeh]éroethy1ené, 1,2~dichior$benzene, 1,4—d1ch1orobenzene,
héxachiurobenzene,»pentachlorophenoi, hexachloroethane, chromium+6, 1éad+2,
-silver+“, selenium+4, and cyanide. A1l tests were conducted usihg Lake Superior
water. Midge exposures were conducted in 8.5 cm diameter glass crystallizing
dishes filled to a depth of 2.6 cm (~200 ml volume) withltest so]utibns. Each
chamber with a 3 mm glass ﬁvérfiow tube contained lake water plus a small amount
of food (ratioc of 7L:0.0025 L),'aicng'with a fine layer of sand on the hottom.
Food was a mixture of Cerophy]fﬁ>énd trout pellets blended with water.

18
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Ten tc 20 midge 1arvae in their 3rd or 4th instar stage of deve1opment
(2.0 - 3 5 mm total length) were placed into each dish conta1n1ng Lake Superlﬁr
| water, plus fbod and were allowed to acclimate overnight (pr for 48 hr 1n the

*1 and se}en1um tests) ina20C water hath Hexach]orobenzene and

-siiver
pentach1orophenol tests were acc]zmated and run at room temperature (22 5 ~
25@6 cy. A photeper1od of 16L; 80 at an intensity of 1.9 ft-candles was maln- .

tained throughout the-test- In the case of the sjlver *1

test, the 11ght was |
turned off at 24 hr due to an observable color change (grayxng) at the hlgher
toxicant concentrat1ons. In the se!enaum *4 test, the midges were exposed to room
light only during working hours. _

Each dish was examxned after 24-48 hrs of acc11mat1on for normal ﬁovement
and case building. Midges were replaced if they were immob11e or were bu1]d1ng
pupation cases. The water was siphoned off to a depth of 2-3 mm, and toxicant
slowly dripped in from a separatory funnel at a rate of approximately 2 mL&min’l.
Five toxicant éoncentra;ions plus a control, in dupliCate, were tested, with:.
the exception of hexachlorobenzene. . :

Hexachlorobenzene was tested at two concentratiﬁns plus ; control, in
duplicate. The crystallizing dishes contaihed 150 mL of solution and were
- covered. Nom1na] toxicant concentrations were 5 2 and 94.1 pg-L” ] DMF was
used és a solvent carrier at 4 mean concentratlon of 1086 mg-L ], The |
crystallizing dishes vwere twice siphoned and rep1a§ed with fresh hexach1oro~:
benzene/DMF solutions at the beginning of the test in an attempt to maintain
-nomina].cgncentratians. This test was run at a temperature of 23.9 + 1.2 C.

Midges were observed on a 1ight table at various time intervals through- .

48 hr. Effects and deaths were recorded. Death was defined as complete Tack

of movement when prodded.
' 19
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The water was analyzed daily for toxicant concentrations (Aphendix Bs
Table B-1). MWater quality pérameters were also monitored {Appendix A, Table

?@reeﬁiﬁ1g;e ~ Selenastrum ggprigobnﬁtﬁm‘was tested in ésth tﬂXicit&ktests
using tbxaphene and heptachlor. Algal tests were conducted in ]25’megrlen@2yer
flasks stogpéréd<with‘fdamApTugs on a shaker;platfbfm. The ?1asks were placed |
in an environmental chamber and ?ﬁcubated under controlled conditions of light
-,and_tﬁmperatuhe. Light‘ﬁntensity was 400 fﬁ-candies and'theftésfkiémpérature
was 24 C. ’ “4"_ o

The nutrient solution concentration was twiéa the cbnbentfatinn used in
the'TQ?S,SéIgnas;tym-Bottﬁe Test-PracedﬁEe'(Mi11er et,al., 1975)? ﬁroviding for
greater biomass prbductinh and more reliable dry weight measﬁréments. Ethanol
was ‘used as a carrier-solvent in the toxéphene test, and all test flasks con-
tained a concentratjon of 0.4% ethanol. No carrier-solvent was used in ihe
heptachlor test. | | | | |

Mutrient solutions contajning tbxaphene or héptach1or were inoculated wi%h
‘2 4-5 day-old culture of Selenastrum to yield an initial density of 20,000
cells-m~} in each flask. Triplicate flasks were inecuiaﬁed at each éxposUre»
‘1evei {control plus 5 toxicant concentrations) for biomass determinations after
96 hr of exposure. After 96 hr, individual control and exposure flask solutions
containing algae were filtered ﬁhrdugh préaweighgd 0.45 um filters, dried, and
weighed to detérmine algal biomass. Mean algal weights at various exposure
levels were compared to the mean algal weight of the control grbqp, and expressed
as percentage inhibition of growth. The initial toxicant concentration- that
* inhibited growth by 50% LECSO) was determined from interpolation by the trimmed
Spearman-Karber method. ‘
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